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This paper gives an overview of some of the more interesting results obtained at LEP in r physics: precision 
measurements in neutral and charged currents universality and structure, r mass, topological and exclusive 
Branching Ratios. 


1. Introduction 

The production and decay of the r lepton at 
LEP has provided a large variety of tests of the 
Standard Model. At LEP I, the first phase of the 
collider running at centre of mass energies close to 
Mz, the r are predominantly produced in pairs, 
from the annihilation of an electron-positron pair 
into a Z boson. In total, about 500000 pairs have 
been collected by the four LEP experiments, pro¬ 
viding a unique environment to study the cou¬ 
plings of the Z to heavy leptons, where many 
extensions of the Standard Model would induce 
significant modifications to the expectations. 

At these energies, more than 20 charged parti¬ 
cles are produced on average in hadronic events, 
allowing a very efficient and clean separation from 
the tau pairs. This fact, together with the signif¬ 
icant amount of recorded r, allows further pre¬ 
cision studies on its decay: the leptonic decays 
are a very noticeable place to study the charged 
current universality and structure; the hadronic 
decays allow the study of the strong interaction 
at an intermediate q 2 ; neutrino physics... 

At LEP II, where the centre of mass energy 
has been progressively increased until 208 GeV, 
two new broad subjects were opened: the study 
of the r production in the decay of a W, per¬ 
mitting additional tests on the charged current 
and new particles searches, where the r plays an 
interesting role. Each experiment recorded about 
700 pb~ x , which represented about 50000 W pairs 
produced in total. 

Only some these subjects will be reviewed here, 


more details being available in other talks of this 
conference |QH^]. 

2. Neutral currents 

Different observables in the production of tau 
pairs through the decay of a Z boson, produced 
in a e + e _ annihilation at different energies al¬ 
low the precise measurement of the weak neutral 
couplings and as a consequence indirect bounds 
on new physics are set. The structure of the neu¬ 
tral currents, weak and electromagnetic, was also 
studied. 

2.1. Lineshape at the Z resonance 

The production cross section was extensively 
studied by all LEP experiments, as a function of 
the centre-of-mass energy. Results are often ex¬ 
pressed in terms of the width (r T =r(if —> rr)) or 
of its ratio to the hadronic width: R T = Thad/^T- 
P T is proportional to g a 2 + g v 2 , the axial and 
vectorial couplings to the Z. Being the vectorial 
coupling much smaller than the axial, this ob¬ 
servable essentially provides a measurement of 
the axial coupling. Another observable studied 
at LEP is the forward-backward charge asym¬ 
metry, Afb, defined as the fraction of t~ pro¬ 
duced in the forward direction, defined accord¬ 
ing to the incoming electron. This quantity, at 
tree level, at E cm = Mz and neglecting 7 ex¬ 
change, can be expressed as Afb = where 

= - 2 2 + s g a 2 ~ 2 *p, providing information on 
the vector coupling, but not on its sign. An ex¬ 
ample of the angular dependence used to extract 
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the asymmetry is shown in figure |l]. Figure 
shows the dependence of this magnitude with the 
centre of mass energy. 



Figure 1. Forward-backward charge asymmetry. 
Polar angle distribution for tau pairs measured 
by the DELPHI experiment compared to the fit 
result. 


The final results for each of the LEP collab¬ 
orations and its combination, together with the 
comparison with the Standard Model prediction 
as a function of the top quark and Higgs boson 
masses are shown in figures and [| (more details 

in |). 

2.2. t polarisation 

The fermions pairs produced in the annihila¬ 
tion of a Z are polarised. This polarisation is 
only measurable for t + t~ , because the r lepton 
decays inside the detector through a weak interac¬ 
tion, violating parity. The r spin can be inferred 
from its decay products. Different polarisation 
estimators Q can be built from the measured 
kinematical quantities, once the decay channel is 
identified. Figure [ 5 ] shows an example of the dif¬ 
ferent distributions used and its sensitivity to the 
polarisation. 

Furthermore, this polarisation depends on the 



Figure 2. Centre of mass energy dependence of 
Afb measured by the L3 experiment, compared 
to the Standard Model prediction. The bottom 
part of the plot shows the residual difference be¬ 
tween the measured points and the expectation. 


polar angle through the expression (at tree level): 


, _ -4 ' (1 + cos 2 ©) + \ ■ 2cos© 

T ~ (1 + cos 2 ©) + ^Afb ■ 2 cos© 


( 1 ) 


This dependence was studied by the four experi¬ 
ments, measuring the average polarisation in re¬ 
stricted polar angle ranges. An example of the 
result is shown in Figure |fi| The measurement of 
the polarisation as a function of the production 
polar angle provides an almost independent mea¬ 
surement of Ag and A r , and as a consequence, 
independent measurement on the r and electron 
vector coupling (including its sign). 

The final results are shown in figure ^ and |s], 
together with its combination accounting for com¬ 
mon systematic errors [||. 


2.3. Universality 

The measurements discussed above are treated 
coherently in the Standard Model framework, in¬ 
cluding radiative corrections, to extract the vec¬ 
tor and axial couplings to the Z to any lepton. 
The results Q are summarised in figure [|, where 
the results from SLD are also included. The 
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Experiment 

ALEPH 

DELPHI - 
L3 

OPAL 


Ratio of Hadronic to Leptonic Width 

R, 


: W r ! 


20.729 ± 0.039 

20.730 ± 0.060 

20.809 ± 0.060 
20.822 ± 0.044 


LEP 

common error 



X 2 /dof = 3.5/3 
20.767 ±0.025 
0.007 



Forward-Backward Pole Asymmetry 
Experiment A°h 



Figure 3. LEP results for the leptonic width of 
the Z, compared to the Standard Model expecta¬ 
tion (see 0 for more details). 


Figure 4. LEP results for the forward backward 
charge asymmetry, compared to the Standard 
Model expectation (see jdj for more details). 


agreement between the three 68% CL surfaces 
shows that the universality is fulfilled, setting 
bounds on unknown Standard Model parameters 
and new physics (see |Q for more details). It 
can also be appreciated that the inclusion of tau 
polarisation measurements improves significantly 
the precision on the axial coupling to electron and 
taus. Accepting that the universality is fulfilled, 
one can extract the value of sin 2 Qw from each of 
these measurements. The results are shown in fig¬ 
ure [h] and compared to those obtained through 
other observables. We can see that the combina¬ 
tion of tau observables, give a similar precision to 


the most precise b quark charge asymmetry. 

2.4. Electric and magnetic dipole moments 

The structure of the electromagnetic interac¬ 
tion neglecting radiative corrections would be 
purely vector. However, the radiative corrections 
distort this picture. The Standard Model predicts 
a magnetic dipole (aj) of 0.11, while the electric 
dipole (cQ.) is still exactly 0. Models like lepton 
compositeness or CP violation scenarios predict 
a non zero electric dipole and an enhancement of 
the magnetic dipole. 

OPAL H and L3 [Q use the E 1 differential 





























Events/O.OS Events/0.025 Events/0.025 


4 





TAJIV x, I-)pV 


1000 
750 
500 
250 
0 

■1 - 0.5 0 0.5 1 

T-MjV ®al 



— MC Fit 1 Data 


0 iBkg • • Pos. Helicity i 
| Nun-: Bkg - - Neg. Helicity I 

OPAL 


Figure 5. Distribution of the polarisation esti¬ 
mators for the different channels studied by the 
OPAL experiment, compared with the Standard 
Model expectation for positive or negative helic¬ 
ity. 
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Figure 6. Angular dependence of V T as measured 
by the ALEPH experiment, compared with the 
Standard Model expectation. 


cross section in t + t~ 7 events at the Z. The pho¬ 
ton energy spectrum is fitted to a linear combi¬ 
nation of the SM expectation plus an additional 
contribution from terms with anomalous mag¬ 
netic or electric dipoles. The limits at 95% CL 
are: 

-0.052 <al< 0.058 (L3) 

-0.068 < aj < 0.065 (OPAL) 

-3.1 10 “ 16 < Re{dJ) < 3.1 10 " 16 e cm (L3) 
-3.8 10 " 16 < Re{dl) < 3.2 10 " 16 e cm (OPAL) 

DELPHI H and L3 |J also used the 77 colli¬ 
sions at or above the Z. The production cross sec¬ 
tion of this process is also sensitive to the anoma¬ 
lous dipole moments, allowing an additional mea¬ 
surement. The preliminary results are: 

-0.062 <F 2 < 0.044 (L3) 

-0.017 <aj< 0.019 (DELPHI) 

\Re(dJ)\ < 6.7 10 -16 e cm (L3) 

\Re(dJ)\ < 3.8 10 -16 e cm (DELPHI) 

where F 2 is an average form factor not extrapo¬ 
lated to q 2 = 0 , aj = F 2 (q 2 = 0). 
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Forward-backward Tau Polarisation 
Experiment A e 



Figure 7. LEP results for \ obtained from 
the tau polarisation, compared to the Standard 
Model expectation (see [[|). 


Average Tau Polarisation 

Experiment A t 



Figure 8. LEP results for \ obtained from 
the tau polarisation, compared to the Standard 
Model expectation (see |j|). 


In addition, different studies interpret many 
precision measurement of tau observables in the 
framework of a possible non-zero dipoles. One 
of these studies 0 uses LEP I tau production 
cross sections, forward-backward asymmetry and 
polarisation measurements together with LEP II 
and Tevatron results on W decay to r to set the 
limit —0.007 < aj < 0.005 at 95% CL . A similar 
study |llj] based only on LEP I data sets the limit 
-0.004 < al < 0.006 and \Re(dJ)\ < 1.1 10" 17 
e cm at 95% CL. 

Similarly, the radiative corrections modify the 
pure vector/axial—vector structure of the weak 


neutral current. Very small values are predicted 
by the Standard Model, but again there is some 
enhancement in many extensions of the Standard 
Model. All LEP experiments have studied the 
existence of a CP-violating electric-weak dipole 
using a CP-odd observable, based on tau spin 
correlation. L3 has additionally investigated the 
weak-magnetic dipole defining several parity odd 
azimuthal asymmetries in hadronic decays. No 
new results have been published in the last two 
years and therefore the interested reader is ad¬ 


dressed to previous reviews 112 
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Figure 9. Results on the leptonic vector and axial 
vector couplings to the Z, obtained from the fit 
of all observables . The different lines show the 
2D contours corresponding to 68% CL, for each 
of the leptons and for their combination. 


Preliminary 



Figure 10. Comparison of the sin 2 9w weak mix¬ 
ing angle as obtained by different methods at LEP 
and SLD. 


2.5. Lineshape above the Z resonance 

All LEP experiments have extended the line- 
shape measurement to the higher energy runs up 
to centre of mass energy of 208 GeV. At these en¬ 
ergies, an additional precision measurement of the 
7 —Z interference is performed. The improvement 
in the precision of the weak couplings is marginal, 
but on the contrary there is a significant sensitiv¬ 
ity to new physics such as models with additional 
Z bosons or with contact interactions. Results 
are shown in figures [H] to |lA] ||| . Good agree¬ 
ment with the standard Model was found in all 
cases and therefore the results were used to set 
limits on new physics Q]. DELPHI has also mea¬ 
sured V T at higher energies giving a result 
of V T = —0.16 ± 0.13 ± 0.05 for an average centre 
of mass energy of 190 GeV, consistent with the 
Standard Model expectation. 


preliminary 



Figure 11. Leptonic cross section e + e _ annihi¬ 
lation as a function of the centre of mass en¬ 
ergy above the Z resonance. The bottom part 
of the plot shows the residual difference between 
the measured points and the expectation. 
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Figure 13. t + t~ differential cross section in e + e“ 
annihilation as a function of the centre of mass 
energy above the Z resonance. 


Figure 12. Forward-backward charge asymmetry 
in e + e _ annihilation as a function of the centre of 
mass energy above the Z resonance. The bottom 
part of the plot shows the residual difference be¬ 
tween the measured points and the expectation. 


3. Charged currents 

The weak decay of the tau inside the LEP de¬ 
tectors allows a number of interesting studies of 
the weak charged current. The W boson decay to 
leptons provides further information for equiva¬ 
lent tests, but at a different energy scale and with 
an ‘on-shell’ W. In particular, the decay W — ^ tv 
is sensitive to many extensions of the Standard 
Model. 


3.1. Universality in tau decays 

In the Standard Model and assuming V-A cou¬ 
pling and massless neutrino, the tau decay lep- 
tonic widths are given by 


r ( 7 


lvTVl)= 9l^ f{ rfy R c 

’ 192n 3 y ml J RC 


( 2 ) 


Here, /(^y) is a phase space factor with value 
1.0000 for electrons and 0.9726 for muons. The 
quantity r RC is a factor due to electroweak ra¬ 
diative corrections, which has the value 0.9960, 
in both leptonic decays. Then, the ratio of the 
two leptonic widths (or Branching Ratios), pro¬ 
vides a direct comparison of the couplings g e and 
9ii- 


B(t — > gw) _ gf, fimf) 
B(t -> ew) g 2 e |) 

J v mi. ' 








































ALEPH |i} and OPAL fldfl have recently pre¬ 
sented new preliminary results on the leptonic 
Branching Ratios, while DELPHI [Jf5| and L3 ]l(J 
have published their final results. These re¬ 
sults are summarised in figures |l4| and [l^ to¬ 
gether with the results obtained by other exper¬ 
iments @ and the averages)^. The comparison 
between the two Branching Ratios using expres¬ 
sion |] yields g^l g e = 0.9999 ± 0.0020, perfectly 
compatible with electron-muon universality. This 
measurement is almost as precise as the similar 
test done in pion decay {g^,/g e = 1.0017±0.0015). 


17.6 17, 



18.2 18.4 


CLEO 17.760 ± 0.060 ± 0.170 


OPAL 17.810 ± 0.090 ± 0.060 


L3 17.806 ± 0.104 ± 0.076 


DELPHI '7.877 ± 0.109 ± 0.110 


ALEPH 17.837 ± 0.072 ± 0.036 


avg 17.824 ± 0.036 ± 0.037 
X 2 /d.o,t.= 0.31 / 4 


18.2 18.4 


B„(%) 


Figure 14. Results on the r —> evv Branching 
Ratio. 


Using the r and /.i mass and lifetime measure¬ 
ments, together with the analogue of equation || 
for muon decay, a further universality test can be 
performed, comparing the r couplings to those of 
the lighter leptons. Figure Jl6 shows the current 
results on the lifetime j[{|[l9 2C], including new 


1 The averages are done here and thereafter assuming un¬ 

correlated systematic errors between experiments. 


17.1 

W 



- 7 


-.6 17.7 7 7 17.9 18 


CLIO 7.370 ± 0.08.0 ± 0.180 

OPAL 117.740 ± 0.090 ± 0.050 

L3 7. : 12 ± 0.110 ± 0.067 

P'ELFH '7.325 ± 0.095 ± 0.077 

ALEPH 7. 119 ± 0.07C 1 ± 0.052 


avg 17.331 ± 0.038 ± 0.030 
y /d.a.f.= 0.08 / 9 



Figure 15. Results on the r —> Branching 

Ratio. 


preliminary results from DELPHI 1211. Assum¬ 
ing e - /.i universality, we can combine the elec¬ 
tron and muon Branching Ratios (correcting the 
second to account for mass effects) into a single 
BR for a massless lepton and then the compari¬ 
son of the muon and tau lifetimes yields: g T /gi = 
1.0004 ± 0.0010(1?i?) ± 0.0017(ry) ± 0.0004(m T ). 
The error is split into the contributions from 
the leptonic Branching Ratios, the r lifetime and 
mass, respectively, being other contributions neg¬ 
ligible. 

There is another possible test comparing the 
tau lifetime and the widths T(r —» ttv) and 
r (t —p Kv) with the ir and K lifetimes and the 
widths P(7r —a Iv ) and T(A' Iv). ALEPH |l[ 
and DELPHI [Q presented recently new prelim¬ 
inary measurements of the Branching Ratio to 
r —> 7 Figure 0 shows these results together 
with those of other experiments. The comparison 
gives g T /gi = 1.0000 ±0.0033(RI?)±0.0017(t>)± 
0.0002(m r ). 
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Figure 16. Results on the r lifetime. 


10.6 10.8 11 11.2 11.4 11.6 11.8 12 12.2 12.4 



Figure 17. Results on the r —> n ± i' Branching 
Ratio. 


3.2. W leptonic decays 

Similar tests can be performed with the com¬ 
parison of the decay widths of the W to the dif¬ 
ferent leptons, r(IF —> Iv) oc gf. The prelim¬ 
inary analysis of the 40000 W pairs selected at 
LEP gives the Branching Ratios summarised in 
figure 111 0 - They yield the following ratios of 
the leptonic couplings: 

g^/g e = 1.000 ±0.011 
St/0m = 1-026 ±0.014 
g T /g e = 1.026 ±0.014 
g T /gi = 1.026 ± 0.010 (e-g univ. assumed) 

improving significantly the current Tevatron mea¬ 
surements fl7| : 

g^/ge = 0.986 ± 0.029 
g T /g e = 0.988 ±0.025 

= 1.002 ± 0.038 (not ind. from the above) 
g T /gi = 0.988 ± 0.025 ( e-g univ. assumed) 

The combination of both sets of measurements 
give: 

9ll /g e = 0.998 ± 0.010 

g T /gi = 1.021 ± 0.009 ( e-g univ assumed) 

which are significantly less precise than those 
from the tau decays, but are sensitive to differ¬ 
ent potential new physics, because the interven¬ 
ing W is ‘on-shell’ and the q 2 is much higher. It 
is interesting to note that there is an intriguing 
hint of a departure from universality between the 
t and light lepton couplings, a discrepancy at 2.3 
standard deviations. However, this discrepancy 
is clearly compatible with a statistical fluctuation 
and it is still to be confirmed with the final pub¬ 
lication of the results. 

3.3. Summary on charged current univer¬ 
sality and implications 

The current state of the art is summarised in 
figures pR] and |o|. These results can be trans¬ 
lated into limits on new physics. The limits on 
a charged higgs are discussed in the next section 
in combination with the Michel parameters. Here 
I will just mention an example of bounding the 
tau neutrino mass and the mixing with an hy¬ 
pothetical 4 th family neutrino. If the v T mass is 



















10 


02/03/2001 

Winter 01 - Preliminary - [161 -207] GeV 


W Leptonic Branching Ratios 


ALEPH 

L3 

OPAL 

LEP W^ev 

ALEPH 

L3 

OPAL 

LEP W—>|4V 

ALEPH 

L3 

OPAL 

LEP W —>tv 
LEP W—>lv 


—A— 


10.95 ± 0.31 

10.40 ± 0.30 
10.40 ± 0.35 

10.54 ± 0.17 

11.11 ± 0.29 

9.72 ± 0.31 
10.61 ± 0.35 

10 . 54 + 0.16 

10.57 ± 0.38 

_ A _ 11.78 ± 0.43 

_ 11.18 ± 0.48 

11.09 ± 0.22 
10.69 ± 0.09 


10 11 12 

Br(W^lv) [%] 


0.985 0.99 0.995 1 1.005 1.01 1.015 1.02 1.025 1.03 



_1 Wdec 0.9980 ± 0.0100 


Ttdec 1.0017 ± 0.0015 

1—I 

lepr 0.9999 ± 0.0020 


ovg 1.0010 ± 0.0012 

1 <<<< 1 <..<!<<< < 

X 2 /d.o.f.= 0.61 / 2 

<<I<<<<I<<<<I<<<<I<<<<I<<<<I< 

0.985 0.99 0.995 1 

1.005 1.01 1.015 1.02 1.025 1.03 


Figure 19. Summary of the status of muon- 
electron Universality measurements with differ¬ 
ent methods: W decay, pion decay and r leptonic 
decays. 


Figure 18. LEP results on W leptonic Branching 
Ratios. 


different from 0 or a 4* h family neutrino with non¬ 
zero mixing exist, the different decay amplitudes 
will be affected |^|, with the consequent reflect 
on the universality of the couplings. The current 
measurements allow to set the following limits at 
95% C.L.: 

m VT < 32 MeV 
| sind l/r _ i ,4| < 0.057 

3.4. Lorentz structure 

In the Standard Model the charged current in¬ 
teraction is assumed to be of the type V-A, a vec¬ 
tor and an axial-vector couplings with the same 
magnitude and opposite sign. However, there 
is no fundamental reason for that and the exis¬ 
tence of more general couplings is still possible. 


There are stringent experimental results that this 
assumption is correct on the muon decay. As¬ 
suming the lepton number conservation, deriva¬ 
tive free, local and Lorentz invariant 4-fermion 
point interaction, the most general form for the 
amplitude of the tau (muon) decay involves 12 
complex couplings |23| two of which must be ex¬ 
actly 0. The tau decay products energy spectra 
can be expressed in this general form in terms of 
five parameters, the v T helicity and the so called 
‘Michel parameters’, p, p, £ and S, in addition 
of the momentum and V T . Therefore, these pa¬ 
rameters are experimentally accessible from these 
distributions and as a consequence information on 
the couplings can be inferred. 

Of all these parameters, only rj affects the par¬ 
tial widths, while the remaining ones distort the 
differential cross section but do not change the 
normalization. In particular, assuming that the 
experiments have a leptonic selection whose effi- 
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0.99 1 1.01 1.02 1.03 1.04 1.05 1.06 1.07 


- 

Wdec 1.0210 ± 0.0090 


Btt 1.0000 ± 0.0037 


t t 1.0004 ± 0.0020 


ovg 1.001 1 ± 0.0017 

X 2 /d.o.f.= 5.10 / 2 
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Figure 20. Summary of the status of tau-light 
lepton Universality measurements with different 
methods: W decay, tau decay to pion and r life¬ 
time. 


ciency does not depend on the momentum and 
with an infinite momentum resolution BR(t —> 
Ivv) oc (1 + ar]—), with a = 4. Then the ratio 
of the Branching Ratios provides a measurement 
of 77 . However, experimental effects make a < 4, 
but often the experiments do not calculate (or do 
not quote) the precise value for their particular 
conditions (see Q for a thorough discussion on 
the subject). 

Figures [u] to |2^ show the final results from 
LEP experiments [EH) , compared to 

other recent results [17] and with the Standard 
Model expectation for a pure V-A structure, on 
the assumption of lepton universality for the pa¬ 
rameters. ALEPH, DELPHI and OPAL have also 
measured the parameters on the assumption that 
they might be different for electrons and muons, 
not showing any deviations. DELPHI includes 
in the fit a constraint from universality, with the 
correct a. For the remaining experiments, the 77 


is also shown as obtained from the universality 
on the assumption that a = 4 (known to be a 
reasonably good approximation for LEP experi¬ 
ments HD). 

DELPHI has studied J|(| an additional anoma¬ 
lous tensor coupling predicted by a model in 
which the Lagrangian containing derivatives [fl9| . 
In a similar manner this term distorts the momen¬ 
tum distributions of the decays products and its 
strength is measurable. This strength has been 
bounded to k < 0.050 (95% CL). 

3.5. Bounds on new physics 

The precision tests on the universality and on 
the Lorentz structure, set bounds on different ex¬ 
tensions of the Standard Model. 

The existence of a charged Higgs would in¬ 
fluence the Michel parameters. Within MSSM, 
the 77 parameter would have a non-zero value of 
7 ]i ~ ™^") T tan /3 2 , while the rest of the param¬ 
eters would remain unchanged or with a varia¬ 
tion of second order on . From the pre¬ 

vious results we can set the limit at 95% CL: 
M h ± > 2.4 tail(/3), which is only competitive 
with direct searches for high tan(/3). 

DELPHI ]2(| and OPAL |l 8 |] have also inter¬ 
preted their results in the light of the possible 
existence of an additional vector boson. DEL¬ 
PHI sets the limit at 95% CL: Mw 2 > 189 GeV 
for any mixing with the standard W or —0.141 < 
77 < 0.125 rad for the mixing and any boson mass. 
OPAL sets the limit at 95% CL: Mw 2 > 137 GeV 
for any mixing with the standard W or | 7 y| < 0.12 
rad for the mixing and any boson mass. 

4. Hadronic Branching Ratios 

In addition to the previously mentioned r —» 
7 r ± r' decay, ALEPH jjj and DELPHI |ii| have re¬ 
cently presented new preliminary results for the 
Branching Ratios not involving kaon identifica¬ 
tion for a large variety of hadronic decays (with 
up to 6 neutral or charged hadrons). Figures |24| to 
summarise these results, together with other 
existing precise measurements jlTj. When possi¬ 
ble, the results are quoted with the kaon compo¬ 
nent subtracted. For ALEPH and some CLEO 
measurements, this subtraction is done by the 
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Figure 21. Results on the Michel parameters 
77 and p. The vertical line shows the Stan¬ 
dard Model expectation for V-A structure in the 
charged current current. 
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Figure 22. Results on the Michel parameters 
£ and £<5. The vertical line shows the Stan¬ 
dard Model expectation for V-A structure in the 
charged current current. 
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Figure 23. Results on the v T helicity. The vertical 

line shows the Standard Model expectation for V- Figure 24. Branching Ratio for the decay r 
A structure in the charged current current. 7r ± 7r°t/. 


same experiment using their own data, while for 
the remaining cases the w.a. 0 were used. 

DELPHI |nj and L3 |l2) have also published 
new measurements on the topological Branching 
Ratios. The results are shown in figures [f3| to 
In these measurements, the K° are consid¬ 
ered as neutral particles, regardless of its decay, 
and therefore their possible decays products were 
not counted as ’’primary charged tracks” in the 
definition. These new results basically supersede 
all the previous results for one and three prongs, 
solving some remaining inconsistencies. 

As an interesting check of the completeness 
of the r decays, or the consistency of the mea¬ 
surements, we can show the perfect agreement 
between the current average for the direct mea¬ 
surement of the Branching Fraction to one-prong, 
85.265 ± 0.078% with the sum of all the exclusive 
modes contributing to this topology as measured 
by ALEPH, 85.265 ± 0.110%. It is important to 
remark that these two numbers are totally inde¬ 
pendent experimentally and that ALEPH result 
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Figure 25. Branching Ratio for the decay r 
7T ± 27r 0 ^. 
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Figure 26. Branching Ratio for 
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Figure 28. Branching Ratio for the decay r 
37r ± . 
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Figure 27. Branching Ratio for the decay r —> Figure 29. Branching Ratio for the decay r 

h ± 4'rr°u. 3n ± n°u T . 
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Figure 30. Branching Ratio for the decay r 
3A ± 27r°^ r . 
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Figure 32. Branching Ratio for the decay r 
3 TT^TT 0 ^. 
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Figure 31. Branching Ratio for the decay r —> Figure 33. Branching Ratio to one charged par- 

5n ± u T . tide (1-prong). 
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Figure 34. Branching Ratio to three charged par¬ 
ticles (3-prongs). 


is the most precise result for this sum, obtained 
from a single experiment and fully independent 
from the topologic result and accounting for all 
correlations (DELPHI results are strongly cor¬ 
related with the topological BR). This compari¬ 
son shows that there is no hint of the ’’missing 
one-prong problem” as observed in the eighties, 
nor of some remaining discrepancies on the late 
nineties. 

5. Other topics in r physics 

5.1. Lepton flavour violation 

The possible violation of the lepton flavour con¬ 
servation in the weak neutral current was studied 
looking for Z decays to e/j,, er or fir. This mea¬ 
surement benefited from the high statistics of Z 
available at LEP. The following bounds were set 
at 95% CL: 

BR(Z -» e/z) < 1.7 10" 6 
BR{Z -> er) < 9.8 10" 6 
BR(Z -> //r) < 1.2 1(T 6 


0.05 0.1 0.15 0.2 0.25 0.3 0.35 



Figure 35. Branching Ratio to five charged par¬ 
ticles (5-prongs). 


5.2. r mass 

OPAL has measured the r mass at LEP us¬ 
ing a pseudomass estimator, and fitting the mass 
from the endpoint of this distribution (figure |3^) . 
The same figure also shows the comparison with 
other experiments. More interesting is that this 
method can be applied separately to the r + and 
t~ , providing for the first time some information 
on the difference between the mass of positive and 
negative tau and therefore checking CPT invari¬ 
ance. A limit of < 0.3% was set at 90% 

CL. 

6. Conclusions 

The study of the r lepton production and decay 
at LEP has provided a lot of Standard Model pre¬ 
cision measurements both in the electroweak sec¬ 
tor, neutral and charged current universality and 
structure. No deviation from the Standard Model 
has been observed and therefore indirect bounds 
on extensions to Standard Model were set. 

LEP experiments are also contributing to the 
improvement on the hadronic decays Branch- 
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Figure 36. Pseudomass distribution used to ob¬ 
tain m T (top) and comparison of current results 
on m T (bottom). 


ing Ratios measurement. These, together with 
more precise measurements at LEP on topologi¬ 
cal Branching Ratios rule out the remaining dis¬ 
crepancy in the ‘missing one prong problem’ at 
the 0.1% level. 
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